INTRODUCTION
The unstable equatorial electrojet has often been considered as being perhaps the most accessible natural plasma turbulence laboratory, a testing ground for new ideas in theoretical as well as experimental plasma and space physics (see, for example, the recent review by Farley [1985] ). The Condor equatorial electrojet campaign represents a coordinated, multiexperiment, multitechnique effort to improve our understanding of this highly complex phenomenon. VHF radar interferometer, HF radar backscatter, magnetometer, and in situ plasma density and electric field measurement techniques were brought together in Peru, in 1983, for two sets of simultaneous observations representing periods typical of strongly driven daytime and nighttime turbulence. The present paper discusses the main results of the campaign with emphasis on radar observations. In situ rocket observations are discussed in more detail in companion papers by Pfaff et al. [this issue (a, b)] (hereafter referred to as papers 2 and 3, respectively). Project Condor F region observations have been reported elsewhere [see Kelley et al., 1986 , and references therein].
Large-Scale Observations and Theory
High-resolution studies of electrojet turbulence were conducted regularly at Jicamarca following the introduction of the radar interferometer technique mentioned above. Periodic features that were regularly observed in daytime and nighttime data were shown by Kudeki et al. [1982] to be signatures of gradient drift unstable large-scale primary plasma waves with wavelengths of several kilometers. A detailed study of their properties [Kudeki, 1983] Equatorial electrojet large-scale wave characteristics have been shown to be consistent with a straightforward extension of the local gradient drift instability theory to the longwavelength regime [Kudeki et al., 1982; Kudeki, 1983] . The assumption that [7[ << [m[, used in the derivation of the usual growth rate 7 and oscillation frequency c0 expressions for the gradient drift instability [e.g., Fejer et al., 1975] , fails at long wavelengths characterized by [e.g., Rogister, 1972 For typical scale lengths of several kilometers, the dispersion implied by (2) accounts for large-scale wave characteristic 2 listed above, while the day to night variation of n o and (3) account for observation 3. Observation 1 is consistent with (2) and (3) taken together, when the inefficiency of mode coupling for dispersive waves is taken into account. Observation 4 cannot be explained by linear theories only but was shown to be consistent with a quasi-linear extension of the above theory [Kudeki et al., 1985] . Finally, observations 5 and 6 justify the applicability of the described local theory, and recent studies have demonstrated that nonlocal effects cause negligible changes in the long-wavelength regime as long as kL >> 1 [e.g., Huba and Lee, 1983; E. Kudeki, unpublished results, 1984] .
Anomalous Diffusion Theory
A long-standing problem with the linear and nonlinear theories of the electrojet two-stream instability has been their inability to account for the observed saturation of two-stream phase velocities at the ion acoustic speed Cs, independent of the driving electron drift velocity V•. Linear theory predicts a phase velocity co/k = V• cos 0/(1 + ½0) 
DAYTIME ELECTROJET EXPERIMENT
The Condor daytime electrojet turbulence measurements were performed on the morning of March 12, 1983, under strong backscatter conditions. On-line Jicamarca radar interferometer observations of intense type 1 activity and continuous large-scale wave signatures as well as strong magnetometer readings at the Huancayo station (see Figures 1 and 3 in paper 2) led to the rocket launch decision at about 1030 local Peruvian time. The launch took place at 1034:36 LST, and the payload remained for about 60 s in the altitude range of interest between 90 and 110 km following a climb of about 90 s. Jicamarca radar 50-MHz observations to be presented here include vertical incidence interferometer data recorded during a 14-min period which included the rocket flight time, as well as oblique incidence power spectral data obtained shortly before and after the mentioned period. Simultaneous observations were made at 14.2 MHz with a portable radar stationed at Ancon, and these will also be presented in this section.
The Jicamarca radar interferometer data were obtained in a mode described by Kudeki et al. [1982] . Sixteen altitudes were sampled with a height resolution of 1.75 km, the interpulse period (IPP) was 2.25 ms, and data samples were recorded digitally in a 4-bit representation. The interferometer baseline was 203 m in the magnetic east-west direction. The whole Jicamarca incoherent scatter array was used in transmission, and its east and west quarters were used independently in reception. The only difference from earlier Jicamarca interferometer experiments was the availability of on-line spectral and cross-spectral diagnostics, crucial for a rocket launch decision, as described above. Oblique spectral measurements were made with the same data acquisition software and used the same pulse length and IPP. Two steerable broad-beam antennas pointed at 45 ø zenith angle toward the magnetic west were used separately in transmission and reception in these measurements. Data collected in both modes represent 3-m irregularities traveling in the direction of the radar line of sight. The oblique spectra, however, represent a spatial integration over the entire electrojet layer due to geometry, in contrast to vertical incidence data.
The 14.2-MHz HF data correspond to 10.6-m irregularities and were collected with an array of three nearly vertically oriented Yagi antennas. Because of an antenna half-power beam width of roughly 30 ø, backscattered signals from all electrojet altitudes were averaged, and signals were received simultaneously from both eastward and westward directions. The IPP was 10 ms, and the range resolution 15 km, corresponding to a transmitter pulse width of 100 #s. evident in Figure 5 implies large-scale wavelengths of about 2-2.5 km over the observation period. The horizontal structuring with a period of the order of 30-50 s in the bottom layer is evident in the organized phase angle streaks displayed in Figure 6 for 98.75 km. No similar phase angle plot is being presented for the top layer simply because we were not able to identify localized scattering centers on the topside layer above 107.5 km. Figure 7 shows the relative backscattered power and interferometer drift velocity profiles averaged over the full 14-min observation period. Note that the relative power on the topside is comparable to or even slightly larger than the power level in the dynamic central region. The reader should be cautioned, however, that the system was not optimized for relative power measurements in this experiment, and receiver saturation at some altitudes might well have distorted the profile displayed in Figure 7 . The average interferometer drift velocities show a steady increase with altitude up to 107.5 km, the highest altitude at which large-scale waves were observed. Strong backscatter from the top layer, as well as in situ rocket data, however, suggest that drift velocities were probably largest in the top layer. 
DISCUSSION: DAYTIME RESULTS
Oblique incidence VHF and HF backscattered power spectra presented in Figures 1 and 8 , respectively, as well as the vertical incidence VHF spectra displayed in Figures 2-4 , clearly indicate that two-stream instability driven type 1 waves were present over a large range of propagation angles during the Condor daytime experiment. The comparison of the vertical and oblique incidence type 1 spectral Doppler shifts implies the presence of a strong eastward neutral wind which has to be taken into account properly in the analysis of the radar and rocket data collected in this experiment.
Neutral Wind Speed
It is well known that during strongly driven electrojet conditions the mean Doppler shift of type 1 spectra shows no variation with the radar elevation angle at VHF in the absence of neutral winds. As discussed in section 2, this observational fact is inconsistent with the linear and nonlinear mode coupling electrojet theories, but a theoretical basis for it has recently been provided, at least tentatively, by the anomalous diffusion theory of Sudan [1983] . Assuming the constancy of type 1 phase velocities in the neutral wind frame, the zonal neutral wind velocity at electrojet altitudes has been estimated in the past from the small variation of the observed type 1 phase velocities with the radar elevation angle [e.g., Balsley et al., 1976] . Applying the same ideas to the present data set, we explain the difference in the estimated vertical and oblique incidence ( A more promising approach depends upon the nonlinear mode coupling processes appropriate for gradient drift turbulence [e.g., Sudan and Keskinen, 1979] . In this scheme, turbulent energy is injected via the linear gradient drift instability at large wavelengths of 100 m or more, where diffusional and recombinational damping mechanisms are relatively weak. Energy then cascades to shorter wavelengths at which strong collisional damping constitutes an efficient energy sink for the turbulent process. Although not easily apparent in the 50-Mhz spectral data, the presence of large-amplitude large-scale waves is clearly demonstrated in the interferometer data obtained from these altitudes. The linearly damped short-scale 3-m waves giving rise to the radar echoes could be driven parametrically by the beat interactions of finite amplitude growing modes of the system. As described by Sudan and Keskinen [1979-l, resonant mode coupling processes redistribute energy in k space and introduce nonlinear self-damping, but in doing so preserve the linear oscillation frequencies of all growing and damped modes. The observed vertically oriented 3-m irregularities with small phase velocities are therefore consistent with and could be attributed to nonlinear mode coupling processes in a horizontally driven electrojet.
In the past there has been considerable confusion in the literature about the two-step [Sudan et al., 1973] and nonlinear resonant mode coupling [Sudan and Keskinen, 1979] theories, which were sometimes treated as two different mathematical descriptions of the same physical phenomenon. We wish to emphasize here that these two different theories in fact correspond to quite different physical processes. Two-step theory describes the interaction of two modes with vastly different scale sizes, while the mode coupling theory describes the resonant interaction of mode triplets with matching wave vector and oscillation frequency characteristics, and usually with wavelengths that are not vastly different. The first direct experimental verifications of the two-step theory were the large-scale wave observations discussed in section 2, where interactions were seen to occur between kilometer scale and meter scale waves. Higher-altitude observations in the present data set constitute further evidence for the same mechanism, as discussed later in this section. The bottomside data being presently discussed, on the other hand, constitute a clear example of mode coupling processes, where 3-m waves seem to be driven via resonant forcing of two comparable wavelength modes of the system.
Having stressed the differences between the two-step and resonant mode coupling processes and argued the appropriateness of the latter for explaining the existence of the observed meter scale waves at low altitudes, we now wish to comment on a possible role played by two-step processes in bottomside turbulence. In fact, intermediate-scale secondary waves (10-50 m) that could be excited via two-step processes seem to explain the kilometer scale horizontal structuring apparent in bottomside interferometer data. Although threshold velocities seem to be prohibitively large at meter scales, they decrease rapidly with increasing wavelength because of the decreasing effect of diffusion. For example, the threshold velocity is of the order of 10 m/s for 10-m waves with L ~ 100 m. This threshold should be easily exceeded in the perturbation velocity field of the large-scale waves observed in the radar and rocket data, even at fairly low altitudes. In fact, we see from Figure 3 The observations indicate that the central layer is best interpreted as an interaction region where the long-wavelength gradient drift and the short-wavelength two-stream instabilities are simultaneously active. Both of these instabilities could linearly excite horizontally propagating modes which could then drive plasma waves with a wide range of scale sizes in all propagation directions via various nonlinear mechanisms. Large-scale gradient drift waves could cause the direct excitation of short-scale two-stream waves via the two-step process, and they could also inject energy into cascade processes via resonant mode coupling as in the bottomside region. Mode coupling processes could also redistribute the energy injected directly into the short-wavelength two-stream instability. The finite energy levels observed at near-zero Doppler velocities in the vertical incidence power spectra suggest that mode coupling processes must indeed have been active at these altitudes. The eventual dissipation of the energy linearly injected by both instability mechanisms is certainly partly the result of collisional cross-field diffusion, but this process may be enhanced by wave-particle interactions as suggested by Sudan [1983] and discussed in section 2. Finally, another important energy sink may exist at all wavelengths. Energy may be coupled to modes which have finite wave vector components parallel to the ambient magnetic field and which are hence heavily i:lamped by parallel diffusion. Although the present data set is not suitable for studying this possibility, recent radar aspect sensitivity measurements made during similar turbulent conditions show that turbulent energy indeed can be transferred to strongly damped-off perpendicular modes (E.
Kudeki and D. T. Farley, unpublished manuscript, 1987).
The 
as is generally observed, rather than (8), since the strongest waves will be propagating nearly horizontally. Various possible resonant triads are suggested in Figure 18 , which also shows the direction of Vd and the instability cone. Returning to the vertically propagating waves, the discussion above explains reasonably well why our echo spectra are centered on zero Doppler shift in the upper region, but it does not say anything about the spectral width. These widths appear to be decreasing somewhat with increasing altitude (see Figure 3) , but even at the highest altitude showing a detectable signal the width is much larger than at the bottom of the echoing layer. Can we explain this difference, at least qualitatively if not quantitatively? The width can be thought of as the inverse of the correlation time, or growth or decay time, of the waves in question. From purely dimensional arguments these characteristic times are just a characteristic length divided by a velocity. In the upper region the "turbulence" is driven at short wavelengths at drift velocities of the order of the acoustic velocity, even at the highest altitude at which echoes are observed, whereas at the bottom of the electrojet the cascade is from long wavelengths excited by the gradient drift process for quite small drift velocities. Hence we expect the correlation times at the top to be much shorter (wider spectral width) than at the bottom, as we observe.
In summary, then, the echoes received from the upper electrojet during the daytime Condor experiment strongly suggest the existence of a turbulent cascade from short wavelengths to long, driven by a "pure" two-stream instability operating only at short wavelengths because of a slightly stabilizing density gradient. The mode coupling associated with this inverse cascade could be important in refining theory of the saturation of the primary two-stream waves. One implication of these observations might be that linearly excited two-stream wave phase velocities do not saturate exactly at the acoustic speed, but at some intermediate value between C s and (k/k).
(1 + •Po).
6.
DISCUSSION: NIGHTTIME RESULTS 
The vertical incidence data presented in

Upper Layer
The layer above 104 km shows strong spectral and crossspectral dynamics (Figures 14 and 15) . The strong type 1 and large-scale wave activity observed in this layer indicate that the gradient drift, as well as the secondary, and most likely primary, two-stream instability mechanisms were simultaneously active during the observation period. The dominant nonlinear processes must be similar to those operating in the daytime central (two-stream) region. A closer study of the data set, however, shows that nonlocal effects must be important for the behavior of the large-scale waves observed in this layer.
Large-scale waves in the nighttime topside layer exhibit no sharp cutoff in altitude as was the case in the daytime experi- In summary, the altitudinal variation of the interferometer drift velocity in the upper layer and the vertical correlation apparent in the displayed spectrograms seem to be consistent with the existing nonlocal electrojet instability models. In principle, the nighttime data set is suitable for comparisons with the numerical solutions of the nonlocal model equation (10), but such calculations have not been performed yet to our best knowledge.
Velocity Reversal
Perhaps the most intriguing aspect of the nighttime data set is the velocity reversal between 100 and 104 km (Figure 17 ). In the absence of reliable in situ density and electric field data and neutral wind estimates we can only guess as to what might be the true explanation.
A strong westward neutral wind is one possibility. In view of the large backscattered power associated with the bottomside layer, however, one would expect the neutral wind to be considerably larger than the measured bottomside drift of about 45 m/s, at least about 100 m/s, which seems unlikely.
The rough correspondence between the zero crossing altitude in the drift profile and the dip in power profile would then have to be a coincidence.
An alternative explanation is, of course, that the vertical dc polarization field somehow changes direction from the top to the bottom layer at about 104 km altitude. Since both layers exhibit gradient drift activity, the density gradient would also have to switch direction at about the same altitude. Small drifts and small density gradients would then account for the dip in the power profile and the bifurcation of the echoing layer. This possibility brings a host of questions' Why does the field change direction? Is there any connection between the reversal of density gradient and field direction? Why are such reversals not observed in the daytime? And so on. Perhaps the reversed polarization field can be explained in terms of fringe effects in the E region capacitor, and perhaps largescale waves make fringe effects possible by perturbing the eastwest uniformity of the capacitor at intervals shorter than the capacitor spacing. Perhaps such fields also occur during the day at times but cause no instability because of the uniformity of density gradients.
A third possibility is that reversed fields might be associated Other possibilities and speculations could perhaps be added to these, but a conclusive answer is most likely to be delayed until a more complete data set is obtained on reversed flows. Perhaps density or polarization field profiles may eventually become available as a result of further analysis of Condor in situ data.
CONCLUSIONS
The combined rocket and radar measurements made during the Condor equatorial electrojet campaign have created a large data base for the comparison of theoretical ideas with actual observations. The present and companion papers give a first account of such comparisons with relative emphasis on radar and rocket results, respectively. As theoretical ideas evolve, it is likely that occasions will arise to go back to this large data base.
In the interpretation of the radar data set given in this paper, nearly all known linear and nonlinear, local and nonlocal instability theories were invoked to explain different features of observations from different parts of the turbulent electrojet. The daytime experiment showed that the electrojet could be made turbulent by either the gradient drift or the two-stream instability, or both. The observation of pure twostream turbulence on the topside layer in the daytime electrojet suggests that mode coupling processes should be included in nonlinear saturation theories of two-stream waves. The absence of 3-m secondary waves suggests that the bottomside electrojet could be regarded as a legitimate testing ground for pure type 2 turbulence theory. The nighttime experiment showed that the altitudinal variation of spectral characteristics could resemble the daytime variation, but ultimately the density profile determines the large-scale characteristics of the echoing layer. Topside layer observations provide perhaps the first direct experimental evidence that nonlocal effects are important for large-scale wave behavior. Several ideas were advanced to explain qualitatively the reversed east-west flows observed in the nighttime data, but an exact understanding of this phenomenon will probably have to wait until a more complete data set becomes available. Finally, both daytime and nighttime radar observations, as well as comparisons with rocket data, confirm our understanding of the kilometer scale wave phenomena and demonstrate once again their decisive role in determining the large-scale characteristics of electrojet turbulence.
